Topical Administration of Spironolactone-Loaded Nanomicelles Prevents Glucocorticoid-Induced Delayed Corneal Wound Healing in Rabbits.
The objective was to investigate whether mineralocorticoid receptor antagonism using a novel topical micellar formulation of spironolactone could prevent glucocorticoid-induced delayed corneal wound healing in New Zealand white rabbits. Spironolactone micelles (0.1%, w/v) with a mean number weighted diameter of 20 nm were prepared using a pegylated copolymer (mPEG-dihexPLA) and showed a preliminary stability of at least 12 months at 5 °C. Preclinical studies in New Zealand white rabbits demonstrated that the 0.1% spironolactone micellar formulation was well-tolerated since no reaction was observed in the cornea following multiple daily instillation over 5 days. As expected, the preclinical studies also confirmed that dexamethasone significantly delayed epithelial wound healing as compared to untreated control (percentage re-epithelialization after day 4: 84.6 ± 13.9% versus 99.5 ± 1.0% for the control, p < 0.05). However, the addition of the 0.1% spironolactone micellar formulation significantly improved the extent of re-epithelialization, countering the dexamethasone induced delayed wound healing with a percentage re-epithelialization that was statistically equivalent to the control (96.9 ± 7.3% versus 99.5 ± 1.0%, p > 0.05). The biodistribution study provided insight into the ocular metabolism of spironolactone and hence the relative contributions of the parent molecule and its two principal metabolites, 7α-thiomethylspironolactone and canrenone, to the observed pharmacological effects. Comparison of the efficacies of spironolactone and potassium canrenoate (a water-soluble precursor of canrenone) in overcoming the dexamethasone-induced delayed wound healing confirmed that the former had greater efficacy. The results pointed to the greater potency of 7α-thiomethylspironolactone over canrenone as a mineralocorticoid receptor antagonist, which explained its superior ability in countering the glucocorticoid-induced overactivation that was responsible for the delayed wound healing. In conclusion, the preliminary results supported the above-mentioned hypothesis suggesting that coadministration of mineralocorticoid receptor antagonists to patients under glucocorticoid therapy might prevent the deleterious effects of glucocorticoids on complex corneal wound healing processes.